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Listing of Claims 



1. (currently amended) A method in a computer system for individualizing a 

heartbeat signal for use as a biometric marker comprising the steps of: 

i 

i 

acquiring a plurality of electronic heartbeat signals from an individual in an 

■ 

electronic signal form; \ 

i 

far each electronic heartbeat signal, measuring, a plurality of pre-selected 



heartbeat waveform features to generate corresponding measurements ; and 

! > ■• 

weighting the pre-selected heartbeat waveform features to provide a different 

i 

statistical weight for each pre-selected heartbeat waveform feature 



• * 



for e ach of said f e atur e s, calcu la t i ng th e m e asur e m e nt's averag e? 

i r 

oubtract i ng th e m ea sur e m e nt's average from oach of th e m e asur e m e nts to 

i 

yi el d a c e ntro i d valu e ; 

! 

ca l culating a standard d e v ia t i on of e ach m e asurement; 

i 

d i viding -tt ta - G e nfr e id v a lu e by th e standard deviation for e ach m e asur e me n t to 

i 
i 

give a quot i ont va 

calcu l at i ng the probabi l ity of div e rg e nc e of oaoh mo as ur e m e nt using th e 

\' 

quot i ont v al u e in a T - distribut i on analys i s 



2. (currently amended) A computer readable storage medium containing 

instructions for controlling a computer system to individualize a heartbeat electronic 

j 

signal for use in biometric authentication, by: 
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Ml ' 

P 

1 



acquiring a plurality of electronic heartbeat signals from an individual in an 

1 

electronic signal form; 

for each electronic heartbeat signal, measuring, a plurality of pro-selected 

\ & 

heartbeat waveform features to generate Corresponding measurements ; and 

I * >> 

: 

weighting the ore-selected heartbeat waveform features to provide a different 

I ! 
| ! . 

statistical weight for each pre-selected heartbeat waveform feature 

I, * ;■!;:. 

for -e ach of sa i d - f e at yp es, calculating tho moacuromonte - av e f a g e ; 



subtract i ng th e m e asurement's avorago from oacho E- t he- m eas urem e nts to 



yi e ld - ansontroid va l uo; 

l : '* : 

I til- 

calculating o st a ndard d e v i ation of ea ch m e asur e m e nt; 



div i d ffl g - fe e- centro i d >>a l u e by th e s tand a rd d e vi a tion for e ach m e asur e m e nt to 

i : : 

g i v e a quoti e nt va l u e ; and ; 



calcu la t i ng th e probab i lity of d i v e rg e nc e of e ach m e asurem e nt using the 

i • . • 

quotient value in a T - distribUt i on ana l ysis ^ 



:iv' 



3, (currently amended) The computer readable storage medium of claim 2 



i !* 



where said measurements are made on only one variable per observation. 



4. (currently amendejd) The computer readable storage medium of claim 2 



where said measurements aire made on two variables per observation. 



5. (currently amended) The computer readable storage medium of claim 2 

t 

where said measurements are made on a plurality of variables per observation. 
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6. (withdrawn) A method for indiv?di!ializing heartbeat waveform comprising 



the steps of: 



capturing and recording a number of; heartbeat waveforms; 



. > i 



extracting particular univariate and multivariate features from the waveforms; 
individualizing measurements of the' univariate and bh/ariate features of the 



waveform; and 



calculating probabilities for measurements of the univariate and brvariate 
features. 



if 



>,H J 



7. (withdrawn) The method of clairtt 6 wherein the step of individualizing 

II 1 

t .'V 

further comprises the steps 'of : ;'i 

subtracting each univariate measurement from the average value of the 



univariate measurement to yield a centroid; 



yield a quotient; 



i 3*U 



dividing each centroid by the standard deviation of the univariate feature to 



'J* 
f, • 



determining the probability of the quotient using a distribution calculation; 



and selecting a threshold minimum' probability. 



. ill, 

1 '4 



8. (new) The method of claim 1 futftfrer comprising; 



for each electronic heartbeat signaltfneasuring an' additional pre-selected 
heartbeat waveform to genejrate a corresponding additional measurement; 
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@008 



if 



ng of the additional pre-selected heartbeat waveform in 



■ -(it 



9- (new) The method of claim 1 further comprising: 

individualizing the measurements oftfhe pre-selected heartbeat waveform 



features; and 



calculating probabilities for the measurements 



compnses: 

for each pre-selected 



' T 

: ■ 1 
■i I ■ 

in |,T 1 



•i : 
UJt 1 



10. (new) The methdxi of claim 9, wherein individualizing the measurements 



corresponding measurement from an average value of the measurements to yield a 



cent ro id value, 



••••! 

I f« > 

I 1 K i ' 

M l 



heartbeat waveform feature* subtracting each 



' 'V, 

■« 

i i™* 1 

: 



dividing each centroio value by a standard deviation to yield a quotient value, 



determining the probability of the Quotient value uising a distribution 



calculation, and 



selecting a threshold 



measurement using the quotient value 
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minimum probability. 

if 



1 1 . (new) The method of claim 1 0 ( ;jwherein calculating probabilities for the 

I * 'I It ) 

measurements comprises calculating the [probability of d vergence for each 



f 1 

! ' 1 

1 1 

'■■.1. 

•Pi 

: ; 1 



5i> k > 

•Si 



•91 
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12. (new) The method of claim 1 1 , 



divergence using the quotient value includes using the quotient value in a T- 



distribution analysis. 



13. (new) The meth >d of claim 1, further comprising: 



for each pre-selectec 



measurements; 



centroid value; 



■ 

calculating a standard deviation for 



feature; 



jwherein calculating the probability of 



Si 



J' 



heartbeat waveform feature calculating an average of 

■ i 



r - 

subtracting the average from each eSbrresponding measurement to yield a 



dividing the corresponding centroid 



Vil 

i.i 

if 

each pre-selected heartbeat waveform 

i! 

I! 

value by the standard deviation for each 

i • 



pre-selected heartbeat waveform feature; and • 

calculating a probabi ity of divergerrete for each measurement corresponding to 



each pre-selected heartbea t waveform fe 



pi : 
ature. 

Hi 



14. (new) The method of claim 13 [further comprising: 



ji 

M 



for each electronic heartbeat signal Sjmeasuring ah additional pre-selected 

iji ! 

heartbeat waveform to generate a corresponding additional measurement; 

?! : 

preventing the weighting of the additional pre-selected heartbeat waveform in 



the statistical analysis. 
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S 



Ihher comprising, authenticating an 



15. (new) The meth Dd of clairri 1 f 



individual based on the wei{ hted pre-seleofed heartbeat waveform features. 



16. (new) The meth 



1 



1 1 



1 



I of claim 1 , wherein the p re-selected heartbeat 



waveform features include i nivariate features of a heartbeat waveform. 



17. (new) The meth >d of claim 16, 



Hi 

fli 



i ■ 



waveform features include multivariate feaiires of a heartbeat waveform. 



j 



yvherein the pjre-selected heartbeat 



j. 



P 
I 



18. (new) The method 



! 3 

of claim 1 , wjl 



feature is a position of the d erotic notch. 



1 9. (new) The meth bd 



' i 

of claim 1 , m 

i! St; 
I II 



herein a pre-selected heartbeat waveform 



I-' 

I", 
i 



feature is the difference betjfveen two jpeakiitate of changjss. 



I' 



herein a pre-jselected heartbeat waveform 



feature is the difference between two ipeaRJSamplitudes. ;} 



20. (new) The methpd of clairp 1 , ^herein a pre-jselected heartbeat waveform 

'Li 



i 

21 - (new) The meth Dd of claim 1 , wherein a pre-selected heartbeat waveform 
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feature reflects how far the dicrotic ncltch \i from a zfero point. 

i 
i 

y 
} 

22. (new) The rnethjbd of claim 1, tyherein a pre-Jselected heartbeat waveform 
feature is an up slope of a r taximum peak 
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feature is a down slope of a 



maximum: pes 



for each pre-selecteq 
probability value; and 

wherein the threshold value reflects 



Eg) 011 



23. (new) The meth id of claim 1 , wherein a pre-selected heartbeat waveform 



24. (new) The methpd of clainr 1 father comprising: 

heartbeat wa 



25. (new) The comp uter readable storage medium of claim 2 further 

:l 1 



comprising: 

individualizing the measurements 
features; and 



calculating probabiliti 35 for the rtieajSuremfents. 



rform feature] establishing a threshold 



desired consistency and selectivity. 



the pre-selected heartbeat waveform 



26. (new) The cortip uter readable jjtoragis mediu 
individualizing the measure nents compri 

* 

for each pre-selectec heartbeat waffeform feature? 



corresponding measuremer t from an average value oft 



centroid value, 



dividing each centroi i value by*a s 



determining the probability of the q 
calculation, and 



selecting a threshold 
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ti of claim 25, wherein 



- i. 



subtracting each 

e measurements to yield a 



minimum Iprol 



ndard deviation to yield a quotient value, 



tient value li 
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27. (new) The comp uter readable 



divergence for each measurement using tl 



28. (new) The comj: uter readable 



calculating probabilities for fie measurements comprises 



orage medii 




@]012 



quotient val 



of claim 26, wherein 



calculating the probability of 



lie. 



i 



calculating the probability o1 divergence usfpg' the quotient value Includes using the 

¥ 

I 

a 

i 

I 

quotient value in a T-distribi tion analysis. 



" I: 

if ) i hi , < n 

29. (new) The computer readable storage mediurn of claim 2, further 



comprising: 

for each pre-selectec 
measurements; 



subtracting the avers ge from eaich 



centroid value; 



calculating a stand ar J deviation'for 



feature; 



dividing the corresp< 



heartbeat iwa 



orage medium of claim 27, wherein 



1 



pre-selected heartbeat wavtsform feature; 

i . 



iding centroid 



spending! 

! 



form feature calculating an average of 



measurement to yield a 



r 



calculating a probabi ity of divergence for each m 



each pre-selected heartbea wavefo 
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a6h pre-seleeted heartbeat waveform 



alue by the sandard deviation for each 



ure: 



asurement corresponding to 
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30. (new) The compbter readable storage medium of claim 2, further 



comprising authenticating at{ individual bai 
heartbeat waveform feature: 



31. (new) The computer readable 

■ 

pre-selected heartbeat wavqfomn features 
waveform. 



32. (new) The compjuter readable 

■ i 

pre-selected heartbeat waveform features 
waveform. 



irLge 



@013 



djq'rvlhe weighted pre-selected 



J 1 



■ * i 

I i 



'I 



idudfe univariate features of a heartbeat 



33, (new) Thecomp 



selected heartbeat wavefon -) feature* is a 



34. (new) The comf uter readalbfe 
selected heartbeat wavefon i feature is th 



35. (new) The comj uter readable 



selected heartbeat wavefon i feature is th 



changes. 
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uter readable 



torage mediL 



oriaige mediiAn of claim 2, wherein the 



rof claim 31 , wherein the 
ude multivariate features of a heartbeat 



orage medium of claim 2, wherein a pre- 

j r r 1 

jj ; i 

sitiorif of the [dicrotic notch 

s { 

i !s \ 

' r 

storage mediu n of claim 2, wherein a pre- 



N 



i; 



i: 
< it 



S 



iffcrcnce. between two peak amplitudes. 

s .1 



3 



• 



\ 

H 

i 



r 



.r 

1 



i: i 



orage medium of claim 2, wherein a pre- 

■■ 1 

difference between two peak rate of 

!; .t 
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36. (new) The comp iter readable! ' 



selected heartbeat waveforr i feature; refle 
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i ? 

■■■ -i 

. :• ".s 

!: I 



I? 



point. 



J 

iter readable' 



37. (new) The com 
selected heartbeat waveforrh feature Is an 



i 



f 1 

r 



;orab£ 



@014 



ora'g^ mediurp of claim 2, wherein a pre- 
h<$v$far thejaicrotic notch is from a zero 



^e mediuki of claim 2, wherein a pre- 



38. (new) The compter readable^ 

L " 



selected heartbeat waveforr i feature^ is a cpvtr 



39. (new) The comf uter readable 



comprising: 



slo 



p ^lope of a jrpaximum peak. 

r 'f 

orajge mediijjn of claim 2, wherein a pre- 



! J t 



- 1 



\ 



for each pre-selectec heartbeat 



probability value; and 



wherein the threshok I value refle 



ij 



wa 



: it , 

wsjope of a i 



f '■? 
i • ■< 



■r 



l! M 



forrriSfeaturd 

• ? i 

3 desired consistency and selectivity. 



40. (new) The comf uter readable I tor&gk median of claim 2 further 

I s L B ' I: '5 ! 



comprising: 

for each electronic h 



lartbeat signal 

' I L 

heartbeat waveform to generate a corres| 

< .i 

preventing the weighing of the aci« 

: -J « 

the statistical analysis. 



< i 
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:ora£e mediljm of claim 2, further 

•I 



! j! 



c : 

f; II 



measuring a 

' h It 



li 



maximum peak. 



establishing a threshold 



additional pre-selected 



nding! additic pal measurement; 



iorial 'pre-selected heartbeat waveform in 



t ■ ■ 
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